1. Introduction
===============

Obesity refers to the increase of adipose tissue in the body, and can also be defined as body weight exceeding the upper limit of physiologic needs caused by excessive fat accumulation.^\[[@R1]\]^ There are brown and white fats in the human body. White fat contains fibroblasts, precursor adipocytes, mature adipocytes, and macrophages, which has obvious heterogeneity according to their distribution in visceral or subcutaneous locations. In addition, white fat is not only the energy storage tissue in the body, but also has endocrine, paracrine, and autocrine functions.^\[[@R2]\]^ Research suggested that postoperative body weight, body mass index (BMI), arm circumference, waist circumference, hip circumference, and waist-to-height ratio index were significantly lower than preoperative indices.^\[[@R3]\]^ The bioactive substances secreted by adipose tissues are called adipokines or adipocytokines, including leptin and adiponectin. These 2 can increase energy consumption, insulin sensitivity, and fatty acid oxidation, while leptin can inhibit the appetite and fat aggregation.^\[[@R4]\]^ Furthermore, adipokines increase reactive oxygen species, and accordingly produce oxidative stress (OS).^\[[@R5]\]^ Therefore, obesity is significantly correlated to the increase in OS markers.

Abdominal obesity is the external manifestation of intra-abdominal fat (IAF) accumulation, which is significantly correlated to insulin resistance and diabetes.^\[[@R6]--[@R9]\]^ Magnetic resonance imaging (MRI) and computed tomography scanning can accurately measure the area of IAF, which are gold standards for evaluating the accumulation level of IAF.^\[[@R10]\]^

At present, few studies have investigated the correlation between IAF and OS in the male population. In the present study, 8-iso-prostaglandin F~2α~ (8-iso-PGF~2α~), malondialdehyde (MDA), and superoxide dismutase (SOD) were used to evaluate the OS level, and investigate the correlation between OS and IAF in obese men.

2. Materials and methods
========================

2.1. Study subjects
-------------------

A total of 136 male subjects, who were examined in the Physical Examination Center of the First Hospital of Qinhuangdao from October 10, 2015 to December 10, 2015, were enrolled into the present study. The age of these male subjects ranged 22 to 58 years old (40.67 ± 9.89). The inclusion criteria were: young and middle-aged males, who had a normal glucose tolerance. The exclusion criteria were: significant hypertension, coronary heart disease, cerebral infarction, and diabetes; smoking and drinking habits; treated with the oral use of drugs or surgical treatment in the past 1 month. All subjects provided an informed consent prior to enrollment into the present study. This study was conducted in accordance with the declaration of Helsinki and approved by the Ethics Committee of our hospital.

2.2. Methods
------------

The age, height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), levels of leptin, adiponectin, 8-iso-PGF~2α~, MDA, SOD, triglyceride, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, fasting insulin (FINS), and fasting blood glucose (FBG), and the area of IAF measured by MRI at the L4/5 level of study subjects were recorded. Then, the homeostasis model assessment-insulin resistance index (HOMA-IR = FINS × FBG/22.5) and islet β-cell secretion function (HOMA-β = 20 × FINS \[FBG-3.5\]) were calculated.

According to the Guidelines for Prevention and Control of Overweight and Obesity in Chinese Adults for BMI, all subjects were divided into 3 groups: obesity group (BMI ≥ 28 kg/m^2^, n = 43), overweight group (24 ≤ BMI \< 28 kg/m^2^, n = 46), and control group (BMI \< 24 kg/m^2^, n = 47). This measure is commonly used in China. Then, statistical analysis was performed.

2.3. Statistical analysis
-------------------------

Data were statistically analyzed using statistical software SPSS 13.0. Values were expressed as mean ± standard deviation. The comparison of the means of multiple samples was conducted using 1-way analysis of variance (ANOVA). Inter-group comparison was conducted using Student--Newman--Keuls test, and Pearson correlation coefficient was used to measure the strength of the association between 2 variables. *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Comparison of the basic clinical data in the different groups
------------------------------------------------------------------

The differences in IAF area, and levels of leptin, adiponectin, 8-iso-PGF~2α~, MDA, SOD, FINS, FBG, and HOMA-IR among the 3 groups were statistically significant (*P* \< .05). Furthermore, the levels of leptin, 8-iso-PGF~2α~, MDA, FINS and HOMA-IR were significantly higher in the obesity group than in the overweight group and control group, while the area of IAF was significantly larger and the level of FBG was significantly higher in the obesity group than in the control group. In addition, the area of IAF was significantly larger and the levels of 8-iso-PGF~2α~, MDA and FBG were significantly higher in the overweight group than in the control group. Moreover, the SOD level was significantly lower in the obesity and overweight groups than in the control group. However, the differences in age, SBP, DBP, and levels blood lipid and HOMA-β between these groups were not statistically significant (*P* ≥ .05) (Table [1](#T1){ref-type="table"}).
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Comparison of the basic clinical data of men in the different groups.
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3.2. Correlation analysis of the OS indexes and IAF area
--------------------------------------------------------

In healthy men, the OS indexes (8-iso-PGF~2α~, MDA, and SOD) and IAF level were significantly correlated to BMI, leptin, HOMA-IR, and HOMA-β. In addition, 8-iso-PGF~2α~ and MDA were positively correlated to IAF, while SOD was negatively correlated to IAF (Table [2](#T2){ref-type="table"}).
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Correlation analysis of the oxidative stress indexes and IAF area.
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4. Discussion
=============

Obesity has become a real disease that can cause a series of diseases, such as diabetes and hypertension.^\[[@R11]\]^ Allison et al revealed that as the body weight decreased by 1 standard deviation, the mortality rate increased by 30%, while as the fat content decreased by 1 standard deviation, the mortality rate decreased by 15%.^\[[@R12]\]^ Abdominal obesity can increase the level of OS, and promote platelet adhesion activation^\[[@R4]\]^ and lipid peroxidation, which has clearer clinical significance, when compared with subcutaneous fat accumulation. In the present study, with IAF measured by MRI as an indicator of abdominal obesity, and 8-iso-PGF~2α~, MDA, and SOD as the evaluation indexes of OS, an investigation was conducted in a healthy male population.

White adipose tissues can secrete leptin, and leptin plays a vital role in energy homeostasis. Patients with leptin deficiency present with excess appetite and obesity.^\[[@R13]\]^ These individuals can achieve complete relief after leptin treatment.^\[[@R14],[@R15]\]^ However, in the normal population, high concentrations of leptin cannot decrease body weight.^\[[@R16]\]^ A previous small-scale study on a healthy obese population revealed that leptin level was not significantly correlated to the area of IAF. However, in the area of IAF measured by ultrasonography,^\[[@R17]\]^ the data obtained were not the gold standard. According to the results of the present study, the level of leptin was significantly correlated to the area of IAF (*r* = 0.631). Furthermore, the data measured by MRI were more accurate than the ultrasound results. A study on the long-acting recombinant human methionyl Fc-leptin molecule (Leptin A-200) revealed that the area of IAF decreased by 23.5% in obese subjects treated with Leptin A-200, and this decreased by only 1% in the placebo group.^\[[@R18]\]^ There were also studies that explained the effect of leptin on human metabolism from another perspective. Studies suggested that leptin might also be involved in modulating the set point of the thyroid axis under physiologic conditions and the stimulatory effect of leptin on thyrotropin release was probably due to positive regulation of thyrotropin-releasing hormone production and release by leptin.^\[[@R19],[@R20]\]^ These are further supporting results of the present study.

Adiponectin is mainly secreted from adipose tissues into the blood. A previous study revealed that decreased adiponectin levels were correlated to metabolic diseases, arteriosclerotic diseases, sleep apnea, nonalcoholic fatty liver disease, gastroesophageal reflux, and tumors, but was negatively correlated to the area of IAF.^\[[@R21]\]^ Furthermore, adiponectin level was significantly increased in women with abdominal obesity.^\[[@R22]\]^ In the present study, the difference in adiponectin level among healthy men with different obesity levels was statistically significant. However, the inter-group comparison revealed no statistical differences. In the perspective of numerical values, the adiponectin level was highest in the control group, lowest in the overweight group, and moderate in the obesity group. In addition, leptin level was not significantly correlated to the area of IAF. This suggests that there may be no negative correlation between adiponectin level and the IAF area in men, and that there may be a difference in adiponectin secretion and mechanism between different gender populations.

For glycometabolism, hypertrophic adipocytes have a lower density of insulin receptors and a higher density of β-3 adrenergic receptors, which accordingly helps monocytes exude into the visceral adipose matrix, and initiate the inflammatory response cycle of adipocyte-monocytes.^\[[@R4]\]^ In the present study, the level of insulin resistance was significantly increased in the obesity group, and the secretion function of pancreatic β-cells was slightly increased (the difference was not statistically significant). In addition, the levels of FINS and FBG were significantly higher, when compared to the control group, and IAF was significantly correlated to HOMA-IR and HOMA-β levels. This suggests that the major glycometabolism abnormality in obese men is insulin resistance, instead of the decrease in secretion function of insulin β-cells.

Furthermore, 8-iso-PGF~2α~ can promote platelet adhesion and aggregation, which is one of the indexes of lipid peroxidation in the body. This is often used as the gold standard for evaluating the OS level in the body, which has been proven to be one of the independent risk factors of coronary heart disease.^\[[@R23]\]^ Furthermore, the 8-iso-PGF~2α~ levels are significantly increased in patients with abdominal obesity and metabolic syndrome.^\[[@R22],[@R24]\]^ At 1 week after patients were treated with Roux-en-Y gastric bypass, the plasma level of 8-iso-PGF~2α~ decreased by more than 50%, while 8-iso-PGF~2α~ levels decreased by more than 1/3 in subcutaneous adipose tissues.^\[[@R5]\]^ This suggests that abdominal obesity can increase OS level, and lead to platelet adhesion activation. This is consistent with the results of the present study. SOD is an oxygen-free radical scavenger, which can inhibit the formation of 8-iso-PGF~2α~, which decreases with the increase in BMI.

The MDA is often used as one of the important indicators for evaluating lipid OS. Serum MDA level is significantly increased in obese mice.^\[[@R10]\]^ Both high-fluoride and high-fat diets can increase MDA levels in rabbits.^\[[@R25]\]^ Studies have revealed that MDA increases with the increase in BMI^\[[@R26]\]^ and insulin resistance level.^\[[@R27]\]^ Furthermore, the increase in level of MDA was more significant in an obese population with abdominal fat accumulation.^\[[@R26]\]^ Moreover, even obesity in mothers can increase the MDA level in newborns.^\[[@R28]\]^ The present study also revealed that the MDA level was significantly correlated to abdominal obesity and insulin resistance. However, no correlation between MDA and adiponectin was found in obese men. This conclusion needs to be verified through more large-scale prospective randomized controlled studies.

In summary, OS level was significantly correlated to IVF in obese men, and abdominal obesity can increase the level of OS and insulin resistance.
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